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Commentary How do miRNAs mediate translational repression?
Shuo Gu and Mark A Kay*
Abstract
Micro(mi)RNAs regulate gene expression by what are believed to be related but separate mechanistic processes. The 
relative contribution that each process plays, their mechanistic overlap, and the degree by which they regulate 
complex genetic networks is still being unraveled. One process by which miRNAs inhibit gene expression occurs 
through translational repression. In recent years, there has been a plethora of studies published, which have resulted in 
various molecular models of how miRNAs impair translation. At first evaluation, it appears that these models are quite 
different and incompatible with one another. In this paper, we focus on possible explanations for the various 
interpretations of these data sets, and provide a model that we believe is consistent with many of the observations 
published to date.
Background
Since their discovery 16 years ago, the prominent role
that micro(mi)RNAs play as key post-transcriptional reg-
ulators of genetic networks is becoming more apparent.
Although significant progress has been made in under-
standing the biogenesis and biological function of miR-
NAs [1], the mechanism of how miRNAs inhibit a
particular mRNA is still unclear. Single-stranded mature
miRNAs associate with Argonaute (Ago) proteins to form
the core of a multicomponent gene regulatory complex
named the RNA-induced silencing complex (RISC).
Guided by the sequence complementarity between the
small RNA and the target mRNA, miRNA-RISC-medi-
ated gene inhibition is commonly divided into three pro-
cesses: (i) site-specific cleavage, (ii) enhanced mRNA
degradation and (iii) translational inhibition. The first
process is restricted to miRNAs with a perfect or near-
perfect match to the target RNA; this is commonly
referred to as RNA interference (RNAi), and in mammals
it is carried out exclusively by Ago2. By contrast, the
other two processes are more commonly associated with
mismatched miRNA/target sequences, which is the most
likely scenario in mammals. The combination of these
two processes is commonly referred to as non-cleavage
repression, and can be carried out by any of the four
mammalian Ago proteins [2]. Interestingly, recent genetic
[3] and biochemical [4] studies have established that
plant miRNAs also induce translational repression on
their target mRNA, despite the near-perfect complemen-
tarity between the miRNA and target sequences, indicat-
ing that non-cleaving repression may be the default
conserved function of miRNAs in these two kingdoms. It
is not entirely clear if enhanced mRNA degradation and
translational inhibitory events are mutually exclusive or
perhaps more inter-related. Recent evidence suggests that
the two processes are fundamentally independent but
may overlap in some situations. Interestingly, in the pres-
ence of miRNAs, some target mRNAs can be exclusively
repressed by non-cleavage degradation or translational
inhibition, but most repression probably occurs by some
combination of the two processes (reviewed in [5]). Some
studies [6,7] using a combination of genome-wide
microarray and proteomic approaches demonstrated that
the majority of miRNA-induced gene repression can be
explained by a reduction in targeted mRNA levels. None-
theless, because miRNA-mediated translational repres-
sion is well documented in numerous studies across
many species and two kingdoms, it is a functionally oper-
ative process. However, it is fair to say that the quantita-
tive contribution of miRNA-mediated translational
repression in global post-transcriptional gene regulation
is not resolved.
We focus this commentary on the mechanism(s) of
how miRNAs inhibit mRNAs at the translational level.
This is of interest because there have been a number of
models based on fundamentally strong studies that none-
theless appear to be contradictory. As a result, data-
driven examples suggest that the key regulatory blocks
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occur at various steps along the translational process. The
rationale behind each model has been reviewed [5,8-11].
We point out the limitations of the various experimental
approaches, and provide a model for translational repres-
sion that takes into account the various disparate results.
Translational Repression: Why so many 
mechanisms?
Translational inhibition is established when the decrease
in protein product is greater than the observed decrease
in mRNA. Broadly divided, translation can be separated
into three steps: ribosome initiation, elongation and ter-
mination. The primary method to establish the step at
which translation is blocked is by measuring the location
of an mRNA across a polysomal sucrose gradient. Early
evidence in C. elegans [12,13], and more recent studies in
mammalian cells [8,14-16] demonstrated that miRNA-
repressed mRNAs maintained the same mRNA distribu-
tion pattern across poly-ribosomes (the polysomal pro-
file) compared with non-repressed mRNAs. These results
led to models of post-initiation inhibition of mRNA
translation, including cotranslation peptide degradation
[16], increased premature termination (ribosomal drop-
off) [15], and impaired elongation [14]. By contrast, other
groups observed that repressed mRNA specifically
shifted to the lighter portion of the sedimentation veloc-
ity gradient, indicating less efficient ribosomal loading
and thus miRNA-mediated repression at the translation
initiation step [17-21].
How could such straightforward experiments generate
such contrasting results? Although some of the differ-
ences may be due to relatively trivial variation in experi-
mental procedures, other possibilities may be related to
experimental oversights. For example, miRNAs induce
target mRNA destruction in addition to translational
repression [1]. The relative contribution of each of these
inhibitory events will vary between targeted mRNAs. In
some of the studies, the integrity of 'repressed' mRNAs
was not carefully checked. Thus, the shifted reporter
mRNA signals found during gradient sedimentation
might represent partially degraded mRNAs, which disso-
ciates with the translational machinery. In addition, miR-
NAs generally induce a smaller degree of repression
(around two to three times) compared with site-specific
RNAi-based cleavage. Whether all targeted mRNAs are
partially repressed or a smaller population is fully
repressed is an important distinction, which is still not
resolved. Once this is established, it will have significant
implications for the interpretation of a number of differ-
ent mechanistic studies.
Another effort to distinguish initiation and post-initia-
tion inhibition relied on testing whether internal ribo-
some entry sequence (IRES)-containing mRNAs were
resistant to miRNA-mediated repression [22]. Like the
polysomal profile experiments, contradictory results
were reported by different groups. Some studies [15,23]
demonstrated that IRES-initiated translation was still
subject to miRNA-mediated repression, therefore exclud-
ing eukaryotic translation initiation factor 4E-cap recog-
nition as a potential target for miRNA function. Other
studies [17,24] concluded that miRNAs inhibit target
mRNA translation at the initiation step. It is important to
note that the IRES-initiated translation is generally much
less efficient than that of m7G-capped mRNAs (1000
times in some cases). This inefficiency may alter transla-
tional kinetics, which in turn would have an affect on
miRNA-mediated mRNA translational repression [25].
Finally, the host protein requirements for IRES mediated
translation initiation vary depending on the biological
origin of the IRES sequence. Thus, it is unclear if an
IRES-mRNA is a valid substitute to study 5' cap-mRNA
miRNA-mediated repressive states.
A third line of studies examined reconstituted cell-free
extracts derived from rabbit reticulocytes [26], Droso-
phila [27] and mammalian cell lines [21,28], which sup-
port miRNA-mediated translational inhibition. These
studies showed that the classic m7G 5' cap was required
for repression, suggesting that miRNA-mediated transla-
tional inhibition occurred at the initiation step. Further-
more, in the study of Mathonnet et al [21], miRNA-
mediated inhibition was alleviated by providing an excess
of the eIF4F complex (eIF4E plus eIF4G) in the cell
extracts, further suggesting the initiation step as the pri-
mary point of inhibition. However, the poor translational
efficiency of reporter mRNAs in cell extracts, and the
uncertainty about the effective concentration and bio-
availability of other cellular factors that might be impor-
tant in the process is an inherent weakness in such
studies. In addition, because multiple mechanisms are
operative, it is questionable how these reconstituted sys-
tems recapitulate the physiological events in vivo, given
the fact that certain in vitro systems require overexpres-
sion of protein factors involved in the miRNA pathway
[28].
Another set of important studies focused on novel
methods to study miRNA/target and mRNA/protein
interactions. For example, tethering Ago proteins, the
core of the miRNA effector complex (RISC), to a 3'
untranslated reading frame without an associated
miRNA still induced translational repression [29]. There-
fore, it became relevant to further study how the Agos or
Ago-associated proteins interact with translational
machinery. Indeed, Kiriakidou et al. [30] reported that
mammalian Ago2 binds to the m7G-cap directly. This
supports the notion that Ago2 and eIF4E compete for
association with the target mRNA cap structure and thus
prevent effective translation initiation. This model is con-
sistent with the results obtained from cell reconstitutionGu and Kay Silence 2010, 1:11
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studies, and has been widely cited as the key evidence to
support the idea that miRNAs block translational initia-
tion. However, structural studies were not consistent with
the proposed interaction between the cap structure and
the Ago2 MC domain, previously believed to be directly
responsible for the interaction [31]. In addition, other
studies [2,9] provided an alternative explanation for the
role of the Ago MC domain, when it was shown that
Ago2 did not specifically bind to the 5' cap. Instead, the
mutation of two key amino acids in the MC domain,
which were intended to disrupt the cap-Ago2 binding
actually abolished the association of Ago2 and GW182, a
cellular factor known to be crucial for miRNA-mediated
repression (see below). Of note, a recent study proposed
an allosterically regulated 5' cap binding motif within the
Ago MID domain, which upon the association of the Ago
protein and guiding strand/target of RNA duplexes,
inhibits translation at the initiation step [32].
Other studies provide a direct role for eIF6, a protein
factor that prevents the association of ribosomal subunits
[19], as a key mediator in miRNA-mediated translational
repression. Based on the observations that eIF6 was co-
immunoprecipitated with miRISC, and that knockdown
of eIF6 resulted in the alleviation of miRNA-mediated
repression in C. elegans, the authors concluded that miR-
NAs inhibit translation by preventing the joining of 60S
and 40S subunits to make an 80S ribosome. This model
was nicely supported by an acellular reconstitution study
[33] demonstrating that miRNA-repressed mRNAs were
enriched in 40S but not 60S ribosomes. However, these
results were not reproduced in Drosophila S2 cells [9]. In
addition, the involvement of eIF6 in ribosome biogenesis
[34,35] further weakens the original conclusion and indi-
cates the effect of eIF6 on miRNA-mediated repression is
indirect.
The role of GW182 in miRNA-mediated Repression
Several recent studies indicate that GW182 family pro-
teins interact directly with Agos, and are required for
miRNA-mediated gene silencing in C. elegans,  Droso-
phila and mammalian cells [9,36]. As a P-body compo-
nent, GW182 was originally linked to the miRNA
pathway by various genetic screening and biochemical
studies [9,36]. The observation that GW182 mediated
g e n e  s i l e n c i n g  i n  a  p a t t e r n  s i m i l a r  t o  t h a t  o f  m i R N A ,
when artificially tethered to an mRNA reporter without
any miRNA target sequences, clearly demonstrates that
GW182 can function independently from and perhaps
downstream of Agos [9]. GW182 was originally believed
to be responsible for miRNA-mediated non-cleavage deg-
radation of target mRNA by specifically bridging RISC
and deadenylase CCR4-NOT, which caused deadenyla-
tion followed by uncapping of target mRNAs [9]. Recent
evidence suggested that miRNA-mediated translational
repression also requires GW182 [9,20]. Therefore, the
interactions between GW182 and the translational
machinery seem to be moving towards providing a more
accurate depiction of the steps involved in translational
silencing. Indeed, recent studies by Fabian et al. [21] and
Zekri et al. [37], despite the discrepancies in details, both
identified poly-A binding protein (PABP) as the factor
specifically associated with GW182 in Drosophila  and
mammalian cells. These findings suggest that GW182
may disrupt the association between eIF4G and PABP,
which is required for efficient translation initiation. How-
ever, the observation that mRNAs without poly-A tails
are still subject to miRNA-mediated translational repres-
sion [9,38] strongly suggests that there are additional
translational repression factors involved besides the
eIF4G-PABP association.
A recent report from Isawaki et al [39] provides more
clues as to why there may be multiple operative mecha-
nisms to induce miRNA-mediated translational repres-
sion.  Drosophila  Ago1 and Ago2 were reported to
mediate target gene repression through distinct mecha-
nisms. Whereas Ago1 elicits deadenylation and in turn
target mRNA degradation through GW182, Ago2
induces translational repression independent of GW182
by association with eIF4E, disrupting the eIF4E-eIF4G
interaction, which is essential for efficient translation.
Although these results may explain some of the discrep-
ant results in the fly, it is still far from solving the issue in
mammals. Mammalian argonaute proteins (Ago1 to
Ago4) are structurally, phylogenetically and functionally
similar to Drosophila Ago1, but not Ago2.
Conclusion: Our model
How can we reconcile the multiple proposed mecha-
nisms with the finding that GW182 plays a key role in
miRNA-mediated translational repression? It is possible
that the interaction between GW182 and one of the Agos
is the primary event leading to the activation of several
pathways. A model is presented in Figure 1. In this model,
Agos do not directly mediate repression, but rather func-
tion together with loaded miRNA guiding strands, which
function as an adaptor to dock GW182 to target mRNAs.
The N-terminal portion of GW182 specifically associates
with the Ago protein and mediates gene repression
through an interaction between its C-terminal and the
various downstream factors. The final type and level of
repression is a sum of the results from multiple pathways.
Which pathway(s) dominate for a specific mRNA will
depend on the specific Ago protein, and on cis (such as
components of mRNA-ribonucleoprotein (mRNP) com-
plex) and trans factors. Supporting this idea, Kong et al.
[40] reported that the mechanism of miRNA-mediated
repression might depend on the promoter used for driv-
ing the target mRNA expression. These authors proposedGu and Kay Silence 2010, 1:11
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that different promoters result in a distinct set of mRNPs
on reporter mRNA, which in turn determine the type of
translational repression mechanism. It will be of great
interest to identify these other factors and establish their
roles in regulating miRNA-mediated non-cleavage
repression.
R e t u r n i n g  t o  t h e  m o d e l  i n  F i g u r e  1 ,  i t  i s  l i k e l y  t h a t
translational inhibition and enhanced mRNA degrada-
tion are uncoupled processes with the relative participa-
tion of each for a particular mRNA-miRNA defined by
the differences in the protein-RNA interactions. For
e x a m p l e ,  t h e  r e l a t i v e  d e g r e e  o f  r e p r e s s i o n  d i c t a t e d  b y
degradation (Figure 1, process (a)) versus translational
inhibition (processes (b) to (f)) will be related to the pro-
portion of specific complexes that form for a particular
population of mRNAs. Understanding the rate-limiting
processes in the formation of such complexes is likely to
be the key to a better understanding of post-transcrip-
tional gene regulation.
Nevertheless, it is likely that even within the process of
translational inhibition, the mechanism is much more
finely regulated than originally anticipated. The fact that
there are many studies supporting translational inhibition
at each of the three defined levels of translational inhibi-
tion (initiation, elongation and termination) suggest that
during repression all three are coordinately stalled or
slowed (see Figure 1, processed (b) to (f)). This single
model is consistent with the finding that miRNA-medi-
ated repressed mRNAs have the same average polysomal
distribution compared with those that are not repressed.
However, it is possible that a one or more process(es) (for
example, Figure 1, process (b) to (f)) predominate for spe-
cific mRNA-RISC complexes. Together, this model takes
into account the various differences reported by various
investigators.
A wider question is: why are there multiple processes
for miRNA-mediated gene silencing? Is there an advan-
tage for some mRNAs to be slowed or stalled on poly-
somes so that their product levels can be quickly turned
up or down? Conceivably this might allow more precise
regulation compared with mRNA destruction. Multiple
approaches including elucidating the molecular events
will be contributory to our understanding of this complex
set of regulatory processes that seems to be required for
such precision in controlling gene expression.
Figure 1 Model for miRNA-mediated repression. The interaction between GW182 and any of the Ago proteins is the first event of or occurs during 
micro(mi)RNA-target interaction. Several different pathways downstream of GW182 are possible. The specific pathway is probably determined by the 
composition of the RNA-induced silencing complex (RISC) and interaction with mRNA-ribonucleoprotein (mRNP) complex), microRNA-associated ri-
bonucleoproteins (miRNPs), or cellular factors. (a) GW182 mediates deadenylation, followed by de-capping and mRNA degradation via NOT/CCR4/
CAF1 complexes; this is the primary non-cleaving degradation pathway and considered separate from the translational repression pathway. (b) 
GW182 competes with eIF4G in association with poly-A binding protein (PABP), preventing the circularization required for efficient translation. (c) The 
60S ribosome is prevented from joining with the 40S ribosome to form 80S ribosomes. Steps (b) and (c) represent initiation blocks. (d) Slowed or 
stalled ribosomes along the mRNA, representing a translation elongation block. (e) Premature translation termination and (f) co-translation degrada-
tion.
PABP
eIF4G
AAAAAAAAAAAAAAAAA
40S
60S
eIF4E
Cap
Ago
GW182
mRNP(s)
Cellular
factors
CAF1
NOT
C
C
R
4
60S
40S Protease
b
c
d
e
f
a
Target mRNA
degradation
Deadenylation
DecappingGu and Kay Silence 2010, 1:11
http://www.silencejournal.com/content/1/1/11
Page 5 of 5
Acknowledgements
This work was supported by NIH DK78424. We thank Paul Valdmanis for his dis-
cussions.
Author Details
Departments of Pediatrics and Genetics, Stanford University, Stanford, CA 
94305, USA
References
1. Carthew RW, Sontheimer EJ: Origins and mechanisms of miRNAs and 
siRNAs.  Cell 2009, 136:642-655.
2. Su H, Trombly MI, Chen J, Wang X: Essential and overlapping functions 
for mammalian Argonautes in microRNA silencing.  Genes Dev 2009, 
23:304-317.
3. Brodersen P, Sakvarelidze-Achard L, Bruun-Rasmussen M, Dunoyer P, 
Yamamoto YY, Sieburth L, Voinnet O: Widespread translational 
inhibition by plant miRNAs and siRNAs.  Science 2008, 320:1185-1190.
4. Lanet E, Delannoy E, Sormani R, Floris M, Brodersen P, Crete P, Voinnet O, 
Robaglia C: Biochemical evidence for translational repression by 
Arabidopsis microRNAs.  Plant Cell 2009, 21:1762-1768.
5. Filipowicz W, Bhattacharyya SN, Sonenberg N: Mechanisms of post-
transcriptional regulation by microRNAs: are the answers in sight?  Nat 
Rev Genet 2008, 9:102-114.
6. Baek D, Villen J, Shin C, Camargo FD, Gygi SP, Bartel DP: The impact of 
microRNAs on protein output.  Nature 2008, 455:64-71.
7. Selbach M, Schwanhausser B, Thierfelder N, Fang Z, Khanin R, Rajewsky N: 
Widespread changes in protein synthesis induced by microRNAs.  
Nature 2008, 455:58-63.
8. Maroney PA, Yu Y, Fisher J, Nilsen TW: Evidence that microRNAs are 
associated with translating messenger RNAs in human cells.  Nat Struct 
Mol Biol 2006, 13:1102-1107.
9. Eulalio A, Behm-Ansmant I, Schweizer D, Izaurralde E: P-body formation is 
a consequence, not the cause, of RNA-mediated gene silencing.  Mol 
Cell Biol 2007, 27:3970-3981.
10. Wu L, Belasco JG: Let me count the ways: mechanisms of gene 
regulation by miRNAs and siRNAs.  Mol Cell 2008, 29:1-7.
11. Chekulaeva M, Filipowicz W: Mechanisms of miRNA-mediated post-
transcriptional regulation in animal cells.  Curr Opin Cell Biol 2009, 
21:452-460.
12. Seggerson K, Tang L, Moss EG: Two genetic circuits repress the 
Caenorhabditis elegans heterochronic gene lin-28 after translation 
initiation.  Dev Biol 2002, 243:215-225.
13. Olsen PH, Ambros V: The lin-4 regulatory RNA controls developmental 
timing in Caenorhabditis elegans by blocking LIN-14 protein synthesis 
after the initiation of translation.  Dev Biol 1999, 216:671-680.
14. Gu S, Jin L, Zhang F, Sarnow P, Kay MA: Biological basis for restriction of 
microRNA targets to the 3' untranslated region in mammalian mRNAs.  
Nat Struct Mol Biol 2009, 16:144-150.
15. Petersen CP, Bordeleau ME, Pelletier J, Sharp PA: Short RNAs repress 
translation after initiation in mammalian cells.  Mol Cell 2006, 
21:533-542.
16. Nottrott S, Simard MJ, Richter JD: Human let-7a miRNA blocks protein 
production on actively translating polyribosomes.  Nat Struct Mol Biol 
2006, 13:1108-1114.
17. Pillai RS, Bhattacharyya SN, Artus CG, Zoller T, Cougot N, Basyuk E, 
Bertrand E, Filipowicz W: Inhibition of translational initiation by Let-7 
MicroRNA in human cells.  Science 2005, 309:1573-1576.
18. Bhattacharyya SN, Habermacher R, Martine U, Closs EI, Filipowicz W: Relief 
of microRNA-mediated translational repression in human cells 
subjected to stress.  Cell 2006, 125:1111-1124.
19. Chendrimada TP, Finn KJ, Ji X, Baillat D, Gregory RI, Liebhaber SA, 
Pasquinelli AE, Shiekhattar R: MicroRNA silencing through RISC 
recruitment of eIF6.  Nature 2007, 447(7146):823-8.
20. Ding XC, Grosshans H: Repression of C. elegans microRNA targets at the 
initiation level of translation requires GW182 proteins.  Embo J 2009, 
28:213-222.
21. Mathonnet G, Fabian MR, Svitkin YV, Parsyan A, Huck L, Murata T, Biffo S, 
Merrick WC, Darzynkiewicz E, Pillai RS, Filipowicz W, Duchaine TF, 
Sonenberg N: MicroRNA inhibition of translation initiation in vitro by 
targeting the cap-binding complex eIF4F.  Science 2007, 317:1764-1767.
22. Sonenberg N, Hinnebusch AG: Regulation of translation initiation in 
eukaryotes: mechanisms and biological targets.  Cell 2009, 136:731-745.
23. Lytle JR, Yario TA, Steitz JA: Target mRNAs are repressed as efficiently by 
microRNA-binding sites in the 5' UTR as in the 3' UTR.  Proc Natl Acad Sci 
USA 2007, 104:9667-9672.
24. Humphreys DT, Westman BJ, Martin DI, Preiss T: MicroRNAs control 
translation initiation by inhibiting eukaryotic initiation factor 4E/cap 
and poly(A) tail function.  Proc Natl Acad Sci USA 2005, 102:16961-16966.
25. Nissan T, Parker R: Computational analysis of miRNA-mediated 
repression of translation: implications for models of translation 
initiation inhibition.  Rna 2008, 14:1480-1491.
26. Wang B, Love TM, Call ME, Doench JG, Novina CD: Recapitulation of short 
RNA-directed translational gene silencing in vitro.  Mol Cell 2006, 
22:553-560.
27. Thermann R, Hentze MW: Drosophila miR2 induces pseudo-polysomes 
and inhibits translation initiation.  Nature 2007, 47(7146):875-8.
28. Wakiyama M, Takimoto K, Ohara O, Yokoyama S: Let-7 microRNA-
mediated mRNA deadenylation and translational repression in a 
mammalian cell-free system.  Genes Dev 2007, 21:1857-1862.
29. Pillai RS, Artus CG, Filipowicz W: Tethering of human Ago proteins to 
mRNA mimics the miRNA-mediated repression of protein synthesis.  
Rna 2004, 10:1518-1525.
30. Kiriakidou M, Tan GS, Lamprinaki S, De Planell-Saguer M, Nelson PT, 
Mourelatos Z: An mRNA m7G cap binding-like motif within human 
Ago2 represses translation.  Cell 2007, 129:1141-1151.
31. Kinch LN, Grishin NV: The human Ago2 MC region does not contain an 
eIF4E-like mRNA cap binding motif.  Biol Direct 2009, 4:2.
32. Djuranovic S, Zinchenko MK, Hur JK, Nahvi A, Brunelle JL, Rogers EJ, Green 
R: Allosteric regulation of Argonaute proteins by miRNAs.  Nat Struct 
Mol Biol 2010, 17(2):144-50.
33. Wang B, Yanez A, Novina CD: MicroRNA-repressed mRNAs contain 40S 
but not 60S components.  Proc Natl Acad Sci USA 2008, 105:5343-5348.
34. Gandin V, Miluzio A, Barbieri AM, Beugnet A, Kiyokawa H, Marchisio PC, 
Biffo S: Eukaryotic initiation factor 6 is rate-limiting in translation, 
growth and transformation.  Nature 2008, 455:684-688.
35. Basu U, Si K, Warner JR, Maitra U: The Saccharomyces cerevisiae TIF6 
gene encoding translation initiation factor 6 is required for 60S 
ribosomal subunit biogenesis.  Mol Cell Biol 2001, 21:1453-1462.
36. Ding L, Han M: GW182 family proteins are crucial for microRNA-
mediated gene silencing.  Trends Cell Biol 2007, 17:411-416.
37. Zekri L, Huntzinger E, Heimstadt S, Izaurralde E: The silencing domain of 
GW182 interacts with PABPC1 to promote translational repression and 
degradation of microRNA targets and is required for target release.  
Mol Cell Biol 2009, 29:6220-6231.
38. Wu L, Fan J, Belasco JG: MicroRNAs direct rapid deadenylation of mRNA.  
Proc Natl Acad Sci USA 2006, 103:4034-4039.
39. Iwasaki S, Kawamata T, Tomari Y: Drosophila argonaute1 and 
argonaute2 employ distinct mechanisms for translational repression.  
Mol Cell 2009, 34:58-67.
40. Kong YW, Cannell IG, de Moor CH, Hill K, Garside PG, Hamilton TL, Meijer 
HA, Dobbyn HC, Stoneley M, Spriggs KA, Willis AE, Bushell M: The 
mechanism of micro-RNA-mediated translation repression is 
determined by the promoter of the target gene.  Proc Natl Acad Sci USA 
2008, 105:8866-8871.
doi: 10.1186/1758-907X-1-11
Cite this article as: Gu and Kay, How do miRNAs mediate translational 
repression? Silence 2010, 1:11
Received: 1 December 2009 Accepted: 7 May 2010 
Published: 7 May 2010
This article is available from: http://www.silencejournal.com/content/1/1/11 © 2010 Gu and Kay; licensee BioMed Central Ltd.  This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. Silence 2010, 1:11